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(54) Method of fabricating a semiconductor device 



(57) In a method of fabricating a semiconductor de- 
vice having an N+-type layer or P+-type layer containing 
an impurity In a concentration of 1 x lO^^/cm^ or more, 
or a semiconductor device having a silicon based gate 
electrode structure containing an impurity, the final one 



of heat treatments each exerting an effect on the acti- 
vation state of the impurity is a high rapid thermal an- 
neal, to thereby suppress an increase in resistance of 
the N+-type layer or P+-type layer as a diffusion layer or 
Improve depletion of a poly-Si based gate electrode 
without occun^ence of variations in threshold voltage. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of fabri- 
cating a semiconductor device having an N+-type layer 
or P+-type layer containing an inripurity in a concentra- 
tion of 1 X 10^ ^/cm^ or more, or a semiconductor device 
having a silicon based gate electrode structure contain- 
ing an impurity. 

In fabrication of various semiconductor circuits such 
as I^OS circuits and bipolar circuits, heat treatments at 
700*^0 or more are performed in many processing steps 
for the purpose of activation of impurities in diffusion lay- 
ers and polysilicon based gate electrodes, densification 
of insulating films, and the like. For example, in a MOS 
structure, a polysilicon (hereinafter, referred. to as poly- 
Si) or a poiycide having a stacked structure of poly-Si 
and metal silicide is often used as a gate electrode for 
ensuring reliability of a gale oxide film in a high temper- 
ature process, and in a fabrication process of such a 
MOS structure, a heat treatment at 700**C or more is 
usually performed for activation or the like of an impurity 
in a poly-Si. 

One of these heat treatments performed at 700°C 
or more is a high temperature/short -time anneal, that is, 
a rapid thermal anneal (hereinafter, referred to as RTA) 
for effectively activating an impurity while suppressing 
diffusion of the impurity. In recent years, the RTA Is being 
variously carried out as a technique essential for fabri- 
cation of semiconductor devices. 

Incidentally, in fabrication of a semiconductor de- 
vice, heat treatments at temperatures of from 600 to 
850'C. such as high temperature/long-time anneal for 
densifying an insulating film and high temperature CVD, 
are usually performed after the above-described RTA. 

The long-time heat treatment performed after the 
RTA, however, is disadvantageous in that the impurity 
once activated by the RTA is inactivated again, tending 
to increase resistances of Si constituting a diffusion lay- 
er and poly-Si constituting a gate electrode or to deplete 
a gate electrode, resulting in the degraded device char- 
acteristics. This leads to reduction in performance of the 
semiconductor device. 

Fig. 1 is a graph showing variations in sheet resist- 
ance of an N+-type diffusion layer and a P-^-type diffu- 
sion layer of a semiconductor device subjected to post- 
anneal for 30 minutes after RTA ( 1 000*C x 1 0 seconds). 
In addition, the ion implantation of the N^-type diffusion 
layer and the P+-type diffusion layer is performed such 
that ions of As (As-") are implanted into the N+-type dif- 
fusion layer in a dose of 3 x tO^^/cm^ and ions of BF2 
(BFg"^) are implanted into the P+-type diffusion layer in 
a dose of 4 x W^^/cm^. 

As seen from Fig. 1, the sheet resistance of the 
semiconductor device is significantly increased in the 
case where the semiconductor device is subjected to 
the high temperature/long-time anneal (post-anneal) at 



2 

a temperature of from 800 to 850° C. as compared with 
the case where the semiconductor device is not subject- 
ed to the post -anneal, that is. it is subjected only to RTA. 
The same is true for a silicon based gate electrode. 

5 For example, a high temperature/long-time anneal per- 
formed at a temperature of from 800 to SSO'^C for 30 
minutes after RTA tends to cause depletion of poly-Si 
and hence to reduce gate capacity. 

To cope with such an inconvenience, an attempt 

10 may be made to set higher the temperature of high tem- 
perature/long-time anneal for lowering the resistances 
of a diffusion layer and a gate electrode and for improv- 
ing depletion of the gate electrode. In this attempt, how- 
ever, a depth (Xj) of the diffusion layer Is increased, fall- 

fs ing to suppress a short channel effect, and further in the 
case where an N+-type gate of a NMOS is connected to 
a P+-type gate of a PMOS in a CMOS stmcture, there 
arises a disadvantage In that mutual diffusion of impu- 
rities In the gate electrodes is caused, tending to vary 

20 (increase) a threshold voltage (Vlh). 

OBJECT AND SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
25 method of fabricating a semiconductor device, which is 
capable of suppressing an increase in resistance of an 
N-^-type layer or P'^-type layer as a diffusion layer without 
occurrence of variations in voltage. 

Another object of the present invention Is to provide 
30 a method of fabricating a semiconductor device, which 
is capable of improving depletion of a poly-Si based gate 
electrode. 

To achieve the above object, according to a first as- 
pect of the present invention, there is provided a method 

35 of fabricating a semiconductor device having an N+-type 
layer or P+-type layer containing an impurity in a con- 
centratbn of 1 x 10^ ^/cm^ or more, including the steps 
of: forming an N+-type layer or P+-type layer containing 
an impurity in a concentration of 1 x lO^^/cm^ or more; 

40 and subjecting said N+-type layer or PMype layer to 
heat treatments, each of said heat treatments exerting 
an effect on the activatbn state of said impurity; wherein 
the final one of said heat treatments is a rapid thermal 
anneal. 

45 Concretely, the above heat treatments each exert- 
ing an effect on the active state of the Impurity, are per- 
formed at temperatures of 700" C or more. Namely, a 
heat treatment at a temperature of less than 700°C ex- 
erts little effect on the active or inactive state of the im- 

so purity, and accordingly, even If such a heat treatment is 
performed before the fmal rapid thennal anneal, the Im- 
purity is little inactivated again. 

The rapid thermal anneal Is preferably performed at 
a temperature of from 800 to 1100°C for a time of 60 

ss seconds or less. When the temperature is less than 
800^0, the effect exerted on the activation state of the 
impurity is insufficient; while when it is more than 
1100°C, diffusion of the impurity becomes excessively 
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larger, losing the effect of the rapid thermal anneal. Also, 
the reason why the processing time is set at a value of 
60 seconds or less is as follows. When it is more than 
60 seconds, the impurity is possibly diffused to such an 
extent as to be extended out of the desired range. In 5 
addition, the lower limit of the processing time, which is 
due to the processing temperature, is set at a value 
enough to activate the Impurity, concretely, about 10 
seconds. 

According to the above-described method of fabri- 
eating a semiconductor device, since the final heat treat- 
ment is a rapid thermal anneal, there is no heat treat- 
ment exerting an effect on the activation state of the im- 
purity after the final rapid thermal anneal and conse- 
quently the impurity activated by the rapid thermal an- ^5 
neal is not inactivated again, to thus suppress an in- 
crease In resistance of the N+-type layer or P+-type lay- 
er 

According to a second aspect of the present inven- 
tion, there is provided a method of fabricating a semi- 20 
conductor device having a silicon based gate electrode 
structure containing an impurity, including the steps of: 
forming a silicon based gate electrode containing an im- 
purity; and subjecting said silicon based gate electrode 
to heat treatments, each of said heat treatments exert- 25 
ing an effect on the activation state of said impurity; 
wherein the final one of said heat treatments is a rapid 
thermal anneal. 

The rapid thermal anneal is preferably performed at 
a temperature of from 800 to IIOO'^C for a time of 60 30 
seconds or less for the same reason as described 
above. Samples of the silicon based gate electrode 
structures include a polycide structure having a stacked 
structure of poly-Si and a metal silicide, a stacked struc- 
ture of poly-Si and a metal, a stacked structure of poly- 55 
Si and a metal compound such as TiN^ and a structure 
of poly-Si or a-Si. Such a silicon based gate electrode 
structure is preferably doped with an impurity by ion im- 
plantation because the impurity doped in the silicon 
based gate electrode structure by ion implantation is 40 
positively activated by the final rapid thermal anneal. 

The semiconductor device may include a dual gate 
type having an NMOS field effect transistor having an 
N-^-type gate electrode and a PMOS field effect transis- 
tor having a P+-type gate electrode. In this case, activa- 
tion of the impurity and Improvement in depletion of the 
N+-type gate electrode and the P+-type gate electrode 
can be simultaneously performed by the final rapid ther- 
mal anneal. 

According to the above-described method of fabri- 50 
eating a semiconductor device, since the final heat treat- 
ment is a rapid thermal anneal, there is no heat treat- 
ment exerting an effect on the activation state of the im- 
purity, and consequently the impurity activated by the 
high rapid thermal anneal is not inactivated again, and 5S 
further depletion of the gate electrode is improved, to 
thus suppress deterioration of performance of the sem- 
iconductor device. 
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According to a third aspect of the present Invention, 
there is provided a method of fabricating a semiconduc- 
tor device having an N""-type layer or P+-type layer con- 
taining an impurity in a concentration of 1 x lO^^/cm^ or 
more, including the steps of: forming an NMype layer 
or P+-type layer containing an impurity in a concentra- 
tion of 1 X IQi^/cm^ or more; subjecting said an N+-type 
layer or P+-type layer to heat treatments, each of said 
heat treatments exerting an effect on the activation state 
of said impurity; wherein said heat treatments include a 
first high rapid thermal anneal performed after formation 
of said N+-type layer or P+-type layer, a high tempera- 
ture/long-time anneal performed after said first rapid 
thermal anneal; and a final rapid thermal anneal. 

Concretely, the heat treatments are performed at 
temperatures of 700' C or more for the same reason as 
described above. The final rapid thermal anneal is pref- 
erably performed at a temperature of from 800 to 
1100*C for a time of 60 seconds or less for the same 
reason as described above. 

The high temperature/long-time anneal is prefera- 
bly performed at a temperature of from 600 to 950**C for 
a time of 1 0 minutes or more for the same reason as 
described above. Namely, the heat treatment at a tem- 
perature less than 600°C for a long time exerts little ef- 
fect on the activation state of the impurity, and the heat 
treatment at a temperature of QBO^C or more for a time 
of 1 0 minutes or rhore causes mutual diffusion of impu- 
rities, to degrade device characteristics. 

According to the above-described method of the 
fabricating a semiconductor device, since the final rapid 
thermal anneal is performed after the first rapid thermal 
anneal and the high temperature/long-time anneal, 
even when the impurity activated by the first rapid ther- 
mal anneal is inactivated once by the high temperature/ 
long-time anneal, it is activated again by the final rapid 
themnal anneal, and further there is no heat treatment 
exerting an effect on the activatbn state of the impurity 
after the final rapid thermal anneal, so that the impurity 
activated by the final rapid thermal anneal is not inacti- 
vated again, to thus suppress an increase in resistance 
of the N+-type layer or P+-type layer. 

According to a fourth aspect of the present inven- 
tion, there is provided a method of fabricating a semi- 
conductor device having a silicon based gate electrode 
structure containing an impurity including the steps of: 
forming a silicon based gate electrode containing an im- 
purity; and subjecting said an N'^^-lype layer or P+-type 
layer to heat treatments, each of said heat treatments 
exerting an effect on the activation state of said impurity; 
wherein said heat treatments include a first rapid ther- 
mal anneal performed after formation of said N+-type 
layer or P+-type layer, a high temperature/long-time an- 
neal performed after said first rapid thermal anneal; and 
a final rapid thermal anneal. 

The final rapid thermal anneal is preferably per- 
formed at a temperature of from 800 to 1 1 00°C for a time 
of 60 seconds or less for the same reason as described 
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above. The high temperature/long-time anneal Is pref- 
erably performed at a temperature of from 600 to 950*^C 
for a lime of 10 minutes or more for the same reason as 
described above. 

The silicon based gate electrode structure may be s 
of the same type as described above, for example, a 
polyclde type; and the semiconductor device may be the 
same type as described above, for example, a dual gate 
type. 

According to the above-described method of fabri- io 
eating a semiconductor device, since the final rapid ther- 
mal anneal is performed after the first rapid thermal an- 
neal and the high temperature/long-time anneal, even 
when the gate electrode is depleted once by the high 
temperature/long-time anneal, the impurity in the silicon ^5 
based gate electrode is activated again by the final rapid 
thermal anneal, and further there is no heat treatment 
exerting an effect on the activation state of the impurity 
after the final rapid thermal anneal, so that depletion of 
the gate electrode is improved, to thus suppress deleri- 20 
oration of performances of the semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will 2S 
be apparent from the following description taken in con- 
nection with the accompanying drawings, wherein: 

Fig. 1 is a graph showing variations in sheet resist- 
ance of an N+-type diffusion layer and a P-^-type dit- 30 
fusion layer which are subjected to post -anneal af- 
ter RTA; 

Figs, 2(a) to 2(f) are sectional side views of a basic 
portion of a wafer iliustrating processing steps of a 
first embodiment of the present invention; 3S 
Figs. 3(a) to 3(f) are sectional side views of a basic 
portion of a wafer illustrating processing steps of a . 
second embodiment of the present invention; 
Fig. 4 is a graph showing a C-V characteristic of a 
MOS structure in a state after being subjected to ^0 
anneal; 

Fig. 5 Is a graph showing a relationship between an 
anneal condition and a sheet resistance of a diffu- 
sion layer in a state after being subjected to anneal; 
Fig. 6 is a plan view showing a schematic configu- 
ration of a PMOS structure as a third embodiment; 
Fig. 7 is a graph showing variations In threshold 
voltage (Vlh) for the PI\^OS structure shown in Fig. 
6 in a state after being subjected to anneal; 
Fig. 8 is a graph showing variations in threshold 50 
voltage (Vth) due to mutual diffusion; and 
Fig. 9 Is a graph showing variations in threshold 
voltage (Vth) due to mutual diffusion of impurities 
between a P+-type diffusion layer and an N+-type 
diffusion layer for a Pf^OS structure as a fourth em- 55 
bodiment in a state after being subjected to anneal. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to the 
drawings. . 

Figs. 2(a) to 2(f) are views illustrating a first embod- 
iment of the present invention, in which the present in- 
vention is applied to a process of fabricating a single 
gate type Cf^OS circuit. 

As shown in Fig. 2(a), a field oxide film 2 is formed 
on a SI substrate 1 by LOCOS (local oxidation of silicon), 
for example, wet oxidation at 950°C. A region of the Si 
substrate 1 , In which an NMOSFET is to be formed, is 
subjected to ion implantation in order to form a P-well 
region, to form an embedded layer for preventing punch - 
through of a transistor, and to adjust a Vth (threshold 
voltage). An NMOS channel region 3 is thus formed in 
a surface layer portion of the Si substrate 1. Likewise, 
a region of the Si substrate 1, in which a PMOSFET is 
to be formed, is subjected to ion implantation in order to 
form an N-well region, to form an embedded layer for 
preventing punch-through of a transistor, and to adjust 
the Vth A PMOS channel region 4 is thus formed in the 
surface layer portion of the Si substrate 1 . 

As shown in Fig. 2(b), a gate oxide film 5 having a 
thickness of 8 nm is formed on the surface of the SI sub- 
strate 1 by thermal oxidation, for example, heating at 
850*C in a Hg/Og atmosphere. An a-Si film 6 having a 
thickness of 100 nm is then formed on the gate oxide 
film 5 by low pressure CVD. In this low pressure CVD, 
a-Si doped with phosphorous (P) is deposited at 550°C 
using a source gas of. for example, SIH^PHs. Subse- 
quently, a WSix film 7 having a thickness of 100 nm is 
formed on the a-Si film 6 by low pressure CVD. In this 
low pressure CVD, WSix is deposited at 380''C using a 
source gas of, for example. WF6/SiH4. An offset oxide 
film 8, made from SiOg, having a thickness of 1 50 nm is 
further formed on the WSi^ film 7 by CVD. In this CVD, 
SiOg is deposited at 420°C using a source gas of, for 
example, SiH4/02. Thus, a tungsten polycide intercon- 
nection layer with an offset oxide film is obtained. 

A resist Is then patterned over the entire surface of 
the offset oxide film 8 by the known lithography process, 
and the offset film 8 made from Si02 is anisotropically 
etched with a fluorocarbon based gas or the like into a 
gate electrode pattern using the resist pattem thus ob- 
tained (not shown) as a mask. The resist pattern is re- 
moved, and both the WSi^ film 7 and the a-Si film 6 are 
anisotropically etched with a CI2/O2 gas or the like using 
the gate electrode pattern thus obtained as a mask, to 
form a gate electrode pattem 9 as shown in Fig. 2(c). 
The gate electrode pattem 9 thus obtained, which is a 
gate electrode pattem including the a-Si film 6, is equiv- 
alent to the silicon based gate electrode structure to 
which the present invention is applicable. 

Ions of, for example, As are implanted into the 
NMOS channel region 3 in a condition (energy: 20 keV, 
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dose: 5 x 10"'3/cm2) using the gate electrode pattern 9 
and the field oxide film 2 as a mask, to form an NLDD 
region 10; while ions of, for example. BFg are implanted 
into the PMOS channel region 4 in a condition (energy: 
20 keV, dose: 2 x 10^ ^/cm^) using the gate electrode 
pattern 9 and the field oxide film 2 as a mask, to form a 
PLDD region 11. A Si02 film having a thickness of 150 
nm is formed on the SI substrate 1 by depositing Si02 
through, for example, low pressure CVD, followed by 
anisotropic etching, to form a side wall 1 2 on both sides 
of the gate electrode pattern 9 as shown in Fig. 2(d). 

Ions of, for example, As are then implanted into the 
NMOS channel region 3 in a condition (energy: 20 keV, 
dose: 3 X lO^^/cm^), to form an N+-type source/drain 
region 13. Likewise, ions of, for example. BF2 are im- 
planted Into the PMOS channel region 4 in a condition 
(energy: 20 keV, dose: 3 x ^0^^/cm^), to form a P+-type 
source/drain region 14. It is to be noted that the N+-type 
source/drain region 1 3 and the P-^-type source/drain re- 
gion 14 are shown to be deeper than the NLDD region 
10 and the PLDD region 11 respectively; however, in this 
step, they are not diffused so deeper as to be shown In 
Fig. 2(d) because any diffusion treatment for the im- 
planted impurities thereof is not actually performed yet. 
In other words, with respect to the N+-typc source/drain 
region 13 and the P+-type source/drain region 14, Fig. 
2(d) Illustrates the states thereof obtained after diffusion 
treatment described later, for ease of understanding. 

As shown in Fig. 2(e), an inlerlayer insulating film 
15 having a thickness of 500 nm is formed by CVD. In 
this CVD, SiOa or PSG is deposited at 420°C using a 
source gas of. for example, SIH4/O2. Subsequently, a 
resist is patterned over the entire surface of the Interlay- 
er insulating film 15 by the known lithography process, 
and the interlayer Insulating film 15 is anisotropically 
etched with a fluorocarbon based gas or the like using 
the resist pattern thus obtained (not shown) as a mask, 
to form contact holes 16, 16 reaching the source/drain 
regions 13, 14. 

Ions of. for example, P (phosphorus) are implanted 
into the NMype source/drain region 13 by way of the 
contact hole 16 in a dose of about 5 x 10i5/cm2, while 
Ions of, for example, BFg are Implanted into the P+-type 
source/drain region 14 in a dose of about 5 x 10^ ^/cm^. 
Such an ion implantation, which Is called "contact im- 
plantation", is adapted to suppress occurrence of junc- 
tion leakage due to damage of the field oxide film and 
the Si substrate 1 by etching performed for formation of 
the contact hole 16. 

Subsequently, as the heat treatment exerting an ef- 
fect on the activation state of the impurities previously 
doped by ion implantation, a rapid thermal anneal (RTA) 
In a condition of lOOO^'C x 10 seconds is performed, to 
activate the Impurities, thus forming a CMOS structure. 
The RTA is equivalent to the final one of the heat treat- 
ments each exerting an effect on the activation state of 
the impurities according to the present invention. With 
this RTA, the impurities doped in the source/drain re- 



gions 13, 14 by ion implantation are, as described 
above, diffusied and activated as shown in Fig. 2(d). and 
also the impurities doped by ion implantation through 
the contact holes 16 are diffused and activated, to form 

s impurity diffusion layers 17, 18 as shown in Fig. 2(f). 

After that, an interconnection material such Al is de- 
posited, followed by patterning, to fomi an interconnec- 
tion pattern 19 connected to the gate and the source/ 
drain as shown in Fig. 2(f), thus forming a CMOS circuit. 

10 In addition, formation of the interconnection pattern 19 
does not involve any heat treatment exerting an effect 
on the activation state of the impurities, that Is, any heat 
treatment performed at 700°C or more, and of course, 
for preventing melting of the pattern 1 9, there is not any 

15 heat treatment at yOC^C or more after formation of the 
pattern 19. 

According to the fabricating method of this embod- 
iment, as described above, formation of an interconnec- 
tion layer made from Al or the like (which does not in- 

20 volve any heat trealrnent al 700° C or more) follows on 
activation of the impurities by the RTA performed at 
1000"C for 10 seconds after ion implantation through 
the contact hole, and consequently, the impurities acti- 
vated in the activation step are not inactivated again, 

25 thereby making it possible to suppress an increase in 
resistance of the N-^-type source/drain region 13 (N^- 
type layer) or P+-type source/drain layer 1 4 (P+-type lay- 
er) and improve depletbn of the gate electrode pattern 
9, and hence to form a high performance CMOS circuit. 

30 Figs. 3(a) to 3(f) are views illustrating a second em- 
bodiment of the present invention, in which the present 
invention is applied to a method of fabricating a dual 
gate (NVP+) type CMOS circuit. 

Like the first embodiment, a field oxide film 2 Is 

35 formed on a Si substrate 1 ; an NMOS channel region 3 
and a PMOS channel region 4 are formed in a surface 
layer portion of the Si substrate 1 ; and a gate oxide film 
5 Is formed on the surface of the Si substrate 1. 

As shown in Fig. 3(a), a poly-Si film 20 having a 

40 thickness of 70 nm is formed on the gate oxide film 5 by 
low pressure CVD. In this low pressure CVD, poly-Si is 
deposited at 610**C using a source gas of, for example, 
SIH4. Subsequently, an a-SI film 21 having a thickness 
of 50 nm is formed on the poly-Si film 20 by low pressure 

45 CVD. In this low pressure CVD, a-Si is deposited at 
550* C using a source gas of, for example, SiH4. 

A resist is patterned by the known lithography proc- 
ess, and ions of P (phosphorus) are implanted only Into 
a region where an NMOSFET is to be formed, that is. 

50 into the NMOS channel region 3 in a condition (energy: 
10 keV, dose: 5 x ^0^^/cm^) using the resist pattern thus 
obtained (not shown) as a mask, to fomn an N*-type gate 
region 22 (N+-type layer) as shown in Fig. 3(b). Like- 
wise, ions of B are implanted only into a region where a 

55 PMOSFET is to be formed, that is, into the PMOS chan- 
nel region 4 in a condition (energy: 5 keV, dose: 5 x 1 0^5/ 
cm2 using the resist pattern thus obtained (not shown) 
as a mask, to form a P-'^-type gate region 23 (P+-type 
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layer). 

Next, a heat treatment at 650**C for 10 hours is per- 
tormed as a lower temperature/long-time anneal for 
crystallizing the a-Si film 21. The a-Si film 21 is crystal- 
lized by the lower temperature/long-time anneal, to form s 
a poly-Si film 21a having a crystal size larger than that 
of the poly-Si film 20 formed by CVD. Subsequently, a 
RTA in a condition of 1 000°C x 1 0 seconds is performed, 
to diffuse the impurity on the surface portion of the poly- 
Si film 21a in the interior of the poly-Si film 21a and to iO 
activate the impurities doped in the poly-Si film 21 a and 
the poly-Si film 20 by ion Implantation. Namely, the RTA 
is equivalent to the first rapid thermal anneal as the heat 
treatment exerting an effect on the active state of the 
impurities according to the present invention. 

A WSix film 24 having a thickness of 70 nm is formed 
on the poly-SI film 2la by low pressure CVD. In this low 
pressure CVD, WSi^^ is deposited at 360'*C using a 
source gas of, for example, WFg/SiH4. An offset oxide 
film 25 having a thickness of 150 nm is formed on the 20 
WSix film 24 by CVD. In this CVD, Si02 is deposited at 
420'*C using a source gas of^ for example, SiH4/02. A 
tungsten polycide interconnection layer with an offset 
oxide film is thus obtained^ like the first embodiment. 

Next, a resist is patterned by the known lithography 2S 
process, and the offset oxide film 25 made from Si02 is 
anisotropically etched with a fluorocarbon gas or the like 
into a gate electrode pattern using the resist pattern thus 
obtained (not shown) as a mask. The resist pattern is 
removed, and the WSix film 24, the poly-Si film 21a and 30 
the poly-Si film 20 are anisotropically etched with a oy 
O2 gas or the like into a gate electrode pattern using the 
gate electrode pattem thus obtained as a mask, to form 
an N-^-type gate electrode 26a on the side where the N-^- 
type gate region 22 is formed and a P+-type gale elec- 3S 
trode 26b on the side where the P+-type gate region 23 
is formed, as shown in Fig. 3(c). In addition, each of the 
gate electrodes 26a, 26b having a gate electrode pat* 
tern including the poly-Si film 21a and the poly-Si film 
20 is equivalent to the silicon based gate electrode 40 
structure to which the present invention is applicable. 

Ions of. for example, As are then implanted into the 
NMOS channel region 3 in a condition (energy: 20 keV, 
dose: 5 x lO^^/cm^) using the gate electrode 26a and 
the field oxide film 2 as a mask, to form an NLDD region 
27; while ions of, for example, BF2 are implanted into 
the PI^^OS channel region 4 in a condition (energy: 20 
KeV, dose: 5 x lO^^/cm^) using the gale electrodes 26b 
and the field oxide film 2 as a mask, to form a PLDD 
region 28. Then, Si02 is deposited on the Si substrate so 
1 to a thickness of 150 nm by low pressure CVD or the 
like, and the Si02 film thus obtained is anisotropically 
etched, to form a side wall 29 on both the sides of each 
of the gate electrodes 26a, 26b as shown in Fig. 3(d). 

Ions of, for example. As are implanted into the 55 
NMOS channel region 3 in a condition (energy: 20 keV, 
dose: 3 x lO^'^/cm^), to form an N*-type source/drain re- 
gion 30 (N+-type layer); while ions of. for example, BF2 
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are implanted into the PMOS channel region 4 in a con- 
dition (energy: 20 keV, dose: 3 x W^^/cm^), to form a 
P+-type source/drain region 31 (PMype layer). Subse- 
quently, a rapid thermal anneal (RTA) is performed in a 
condition of lOOO^C x 10 seconds, to diffuse and acti- 
vate the impurities doped in the source/drain regions 30, 
31, thus forming a CMOS structure. The RTA, which is 
the heat treatment exerting an effect on the active state 
of the impurities, is referred to as a second RTA for dis- 
tinguishing it from the first RTA previously described. 

An interlayer insulating film 32 having a thickness 
of 500 nm is then formed as shown in Fig. 3(e) by CVD, 
In this CVD, SiOg or PSG is deposited at 420°C using 
a source gas of, for example, SiH4/02. Subsequently, a 
high temperature/long-time anneal is performed in a 
condition of 800°C x 30 minutes for densifying the inter- 
layer insulating film 32. With this high temperature/long- 
time anneal, the interlayer insulating film 32 is denslfied; 
however, the impurities In the N-^-type gate electrode 
(N+-lype layer) 26a, the P^-lype gale eleclrode (P+-lype 
layer) 26b, the N^ -type source/drain region (N' -type lay- 
er) 30, and the P+-type source/drain region (P+-type lay- 
er) 31 , which are previously activated, are inactivated 
again, to thereby deplete the gate electrodes 26a, 26b, 
and to increase the resistances of the source/drain re- 
gions 30, 31 . In addition, the high temperature/long-time 
anneal is equivalent to the high temperature/long-time 
anneal performed after the first RTA according to the 
present invention. 

A resist is patterned over the entire surface of the 
interlayer insulating film 32 by the known lithography 
process, and the interlayer insulating film 32 is aniso- 
tropically etched with a fluorocarbon based gas or the 
like using the resist pattem thus obtained as a mask, to 
form contact holes 33, 33 reaching the source/drain re- 
gions 30, 31. 

Next, ions of. for example. P (phosphorus) are im- 
planted into the N-^-type source/drain region 30 in a dose 
of about 5 X 10^5/cm2 through the contact hole 33; while 
ions of, for example, BF2 are implanted into the P+-type 
source/drain region 14 in a dose of about 5 x lO^^/cm^ 
through the contact hole 33. This ion implantation is per- 
formed for suppressing junction leakage and the like, 
just as in the first embodiment. 

Subsequently, as a heal treatment exerting an ef- 
fect on the active state of the impurities previously 
doped by ion implantation, a rapid thermal anneal (RTA) 
in a condition of 950"* C x 10 seconds is performed, to 
active the impurities, thus forming a Cr\^OS structure. 
The RTA is equivalent to the final one of the heat treat- 
ments each exerting an effect on the activation state of 
the impurities according to the present invention. With 
this final RTA, the impurities inactivated by the high tem- 
perature/long-time anneal are activated again, and also 
the impurities doped by ion implantation through the 
contact holes 33, 33 are diffused and activated. In ad- 
dition, each of the N+-type source/drain region 30 and 
the P+-type source/drain region 14 contains the impuri- 
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ties In a concentration of 1 x lO^O/cnri^ or more. 

After that, an interconnection nnaterial such as Al is 
deposited, followed by patterning, to form an Intercon- 
nection pattern 34 connected to the gate and the source/ 
drain as shown in Fig. 3(f), thus forming a CMOS circuit. 
In addition, formation of the interconnection pattern 34 
does not involve any heat treatment exerting an effect 
on the activation state of the impurities, that is, any heat 
treatment performed at 700° C or more, and of course, 
for preventing melting of the pattern 1 9, there is not any 
heat treatment at 700°C or more after formation of the 
pattern 19. . 

According to the method of the present invention of 
this embodiment, as described above, the rapid thermal 
anneals and the high temperature/long-time anneals 
are several times repeated as the heat treatments each 
exerting an.effect on the activation state of the impuri- 
ties; however, the final one of these heat treatments is 
taken as the rapid thermal anneal (RTA), and conse- 
quenlly the impurities activated by such a final RTA are 
not inactivated again, thereby making it possible to sup- 
press an increase in resistances of the N+-type source/ 
drain layer (N-^-type layer) 30 and the P+-type source/ 
drain layer (P+-type layer) 31 and improve the depletion 
of the N+-typc gate electrode (N+-typo layer) 26a and 
the P-^-type gate electrode (P+-type layer) 26b, and 
hence to form the high performance CMOS circuit. 

(Experimental example) 

Ions of P (phosphorus) are implanted into a poly-Si 
layer on a Si substrate in a dose of 3 x 1 0"* ^/cm^, to form 
an N-^-type gate electrode. A MOS structure is thus ob- 
tained. The MOS structure is sequentially subjected to 
a first RTA in a condition of 1 000°C x 1 0 seconds, a high 
temperature/long-time anneal in a condition of BOO^'C x 
30 minutes, and the final RTA in a condition of 950' C x 
1 0 seconds in this order. With respect to this sample, a 
C-V characteristic after each anneal is examined. The 
results are shown in Fig. 4. 

As seen from Fig. 4, the gate electrode of the sam- 
. pie in the state after the first RTA (1000°C x 10 seconds) 
is depleted and is reduced in its capacity when the sam> 
pie is subjected to the high temperature/k>ng-time an- 
neal (SOO^'C X 30 minutes) after the first RTA (1000*C x 
1 0 seconds); however, it is improved in its depletion and 
is recovered in its capacity when the sample is further 
subjected to the final RTA (950°C x 10 seconds). 

Ions of As are implanted into a surface layer portion 
of a Si substrate in a condition (energy: 20 keV, dose: 3 
x 10^ ^/cm^. to form an N-^-type diffusion layer; while 
ions of BF2 are implanted into the surface layer portion 
of a Si substrate in a condition (energy: 20 keV, dose: 3 
X 10i5/cm2), to form a PMype diffusion layer The Si 
substrate is sequentially subjected to a first RTA 
(1000°C X 10 seconds), a high temperature/long-time 
anneal (800°C x 30 minutes), and the final RTA (950°C 
X 10 seconds) in this order. With this sample, a sheet 



resistance of each diffusion layer after each anneal is 
examined. The results are shown in Fig. 5. 

As seen from Fig. 5. the sheet resistance of each 
diffusion layer of the sample in the state after the first 
5 RTA is increased when the sample is subjected to the 
high temperature/long-time anneal (800°C x 30 min- 
utes) after the first RTA (1000**Cx 10 seconds) because 
the impurities in each diffusion layer are inactivated by 
the high temperature/long-time anneal (800°C x 30 min- 
10 utes); however, the resistance of each diffusion layer is 
decreased closer to the original value when the sample 
is further subjected to the final RTA (950*C x 10 sec- 
onds) because the impurities are activated again by the 
final RTA. In addition, character FA in Fig. 5 Indicates a 
IS high temperature/long- time anneal. 

A third embodiment will be described below with re- 
spect to Figs. 6 to 8. 

As shown in Fig. 6, a PMOS structure is formed on 
a silicon substrate. In this figure, reference numeral 40 
indicates a P"^-type gale; 41 is a P"^-lype diffusion layer; 
42 is an N+-type diffusion source (gate). In addition, a 
W/L of the PMOS structure is Ifim/I^im . Moreover, as- 
suming that a distance between the P-^-type diffusion 
layer 41 and the N-^-type diffusion source 42 is taken as 
"d", a plurality of PMOS structures are prepared in which 
the distances "d" are different from each other. 

These PMOS structures are subjected to anneal 
treatment in the following four conditions: 

(1 ) only RTA in a condition of 1000°C x 10 seconds 

(2) the RTA in the condition of 1 000°C x 1 0 seconds, 
followed by high temperature/long-time anneal in a 
condition of 800°C x 30 minutes 

(3) the RTA in the condition of 1 0OO'C x 10 seconds, 
followed by high temperature/long-time anneal in a 
condition of 850° C x 30 minutes 

(4) the RTA in the condition of 1 000°C x 1 0 seconds, 
followed by high temperature/long-time anneal in a 
condition of 900'C x 30 minutes 

The PMOS structures thus annealed are examined 
in terms of variations in threshold voltage (Vth) due to 
mutual diffusion between the P-^-type diffusion layer 41 
and the N-^-type diffusion source 42. The results are 
shown in Fig. 7. In Fig. 8, the abscissa indicates the dis- 
tance "d" between the P^-type diffusion layer 41 and the 
N"^-type diffusion source 42. 

As seen from Fig. 7. it is confirmed thai variations 
in Vth are increased when the post-anneal (high tem- 
perature/long-time anneal) at 850**C or more is per- 
formed after the RTA. Namely, in the case where the N+- 
type diffusion source 42 is located far away from the P+- 
typc diffusion layer 41 or the N+-typc diffusion source 
42 is not present, the original Vth of the PMOS can be 
obtained as shown in Fig. 8; however, in the case where 
the N+-type diffusion source 42 is located at such a po- 
sition as to exert an effect on the P+-type diffusion layer 
41 . the Vth is generally varied (the absolute value of the 
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Vth is increased) as shown by character A in Fig, 8. Ac- 
cordingly, as shown in Fig. 7, in the case where the an- 
neal treatment is performed in accordance with the 
above-described condition (3) or (4), the Vth is varied 
(the absolute value of the Vth Is increased) due to diffu- 
sion of the impurity from the N+-type diffusion source 42. 

A fourth embodiment of the present invention will 
be described with reference to Fig. 9. 

The same MOS structures as those shown in Fig. 
6 are prepared and subjected to anneal treatment in the 
following conditions. In addition, an N-^-type diffusion 
source 42 is formed by ion implantation of P+ (phospho- 
rus) in a condition of (energy: 10 keV, dose: 3 x iC^/ 
cm2), and a P+-type diffusion layer 41 is formed by ion 
implantation of in a condition (energy: 5 keV. dose: 
4x 10i5/cm2). 

These PMOS structures are subjected to anneal 
treatment in the following conditions: 

(5) only RTA in a condilion of 1 000°C x 1 0 seconds 

(6) the RTA In the condition of 1 000* C x 1 0 seconds, 
followed by high temperature/long-time anneal in a 
condition of BOO^C x 30 minutes 

(7) the RTA in the condition of 1 000*C x 1 0 seconds, 
followed by high temperature/long-time anneal in a 
condition of 800*C x 30 minutes and then RTA in a 
condition of 950° C x 10 seconds 

The PMOS structures thus annealed are examined 
In terms of variations in threshold voltage (Vth) due to 
mutual diffusion between the P+-type diffusion layer 41 
and the N-^-type diffusion source 42. The results are 
shown in Fig. 9. 

As seen from Fig. 9, not only in the case where only 
the RTA is performed as shown in the condition (5) but 
also in the case where the final RTA is performed after 
the high temperature/long-time anneal as shown in the 
condition (7), the Vth is little varied (the absolute value 
of the Vth is little decreased). 

In the related art fabricating method, as described 
above, the sheet resistance is increased and the gate 
electrode is depleted when the final high temperature/ 
long-time anneal is performed at a temperature of 800 
to 850**C and further the Vth is varied due to mutual dif- 
fusion of impurities when the final high temperature/ 
long-time anneal is performed at 850° C or more; how- 
ever, according to the fabricating method of this embod- 
iment, it is possible lo suppress an increase in sheet re- 
sistance and Improve depletion of the gate electrode 
without occurrence of variations in Vth due to mutual dif- 
fusion of impurities. 

In addition, the reason why the sheet resistance and 
the degree of depletion arc maximized by a long-time 
anneal at a temperature of from 800 to 850*^0 is that the 
impurities activated by the RTA (1000*C x 10 seconds) 
are super-saturated by the heat treatment at about 
800°C, that is. atoms of the impurities out of lattice 
points are increased, and thereby the impurities are in- 



activated. In other words, for the anneal at a tempera- 
ture lower than 800*'C, the impurities are not moved (not 
diffused); while for the anneal at a temperature higher 
than 850° C, the impurities are activated effectively be- 

s cause of the high impurity solubility. 

While the preferred embodiments of the present in- 
vention have been described using specific temis, such 
description is for illustrative purposes only, and it is to 
be understood that changes and variations may be 

10 made without departing from the scope of the invention 
as defined in the following claims. 



75 



20 



2S 



30 



Claims 

1. A method of fabricating a semiconductor device 
having an N+-type layer or P+-type layer containing 
an impurity in a concentration of 1 x lO^^/cm^ or 
more, comprising the steps of: 

forming an N+-type layer or P+-type layer con- 
taining an impurity in a concentration of 1 x 
1 0"* Q/cm^ or more; and 

subjecting said N-^-type layer or P+-type layer 
to heat treatments, each of said heat treat- 
ments exerting an effect on the activation state 
of said impurity; 

wherein the final one of said heat treatments is 
a rapid thernrial anneal. 



2. A method of fabricating a semiconductor device ac- 
cording to claim 1, wherein said heat treatments 
each exerting an effect on the activation state of 
said impurity, are performed at temperatures of 

3S 700*C or more. 

3. A method of fabricating a semiconductor device ac- 
cording to claim 1 or 2, wherein said rapid thermal 
anneal is performed at a temperature of from 800 

40 to 1 1 (X)'*C for a time of 60 seconds or less. 

4. A niethod of fabricating a semiconductor device ac- 
cording to claim 1 or 3, 

wherein said heat treatments include a first 

45 rapid thermal anneal performed after formation of 
said N-^-type layer or P-^-type layer, a high temper- 
ature/long-time anneal performed after said first 
rapid thermal anneal, and a final rapid thermal an- 
neal. 

so 

5. A method of fabricating a semiconductor device ac- 
cording to claim 4, wherein said high temperature/ 
long-time anneal is performed at a temperature of 
from 600 to 960'*C for a time of 1 0 minutes or more. 

55 

6. A method of fabricating a semiconductor device 
having a silicon based gate electrode structure con- 
taining an impurity, comprising the steps of: 
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fonming a silicon based gate electrode contain- 
ing an impurity; and 

subjecting said silicon based gate electrode to 
heat treatments, each of said heat treatments 
exerting an effect on the activation state of said s 
impurity; 

wherein the final one of said heat treatments is 
a rapid thermal anneal. 

7. A method of fabricating a semiconductor device ac- io 
cording to claim 6, wherein said rapid thermal an- 
neal is performed at a temperature of from 800 to 

11 00°C for a time of 60 seconds or less. 

8. A method of fabricating a semiconductor device ac- ^5 
cording to claim 6 or 7, wherein said silicon based 
gate electrode structure Is doped with said impurity 

by Ion implantation. 

9. A method of fabricating a semiconduclor device ac- 20 
cording to claim 6, 7 or 8. wherein said semiconduc- 
tor device having said silicon based gate electrode 
structure containing said impurity includes an 
NMOS field effect transistor having an NMype gate 
electrode and a PMOS field effect transistor having 2S 
a P+-type gate electrode. 

1 0. A method of fabricating a semiconductor device ac- 
cording to any one of claims 6 to 9, 

30 

wherein said subjecting step comprises sub- 
jecting an N+-type layer or P+-type layer to heat 
treatments, each of said heat treatments exert- 
ing an effect on the activation state of said im- 
purity; 35 
wherein said heat treatments each exerting an 
effect on the activation state of said impurity, 
include a first rapid thermal anneal performed 
after formation of said N+-type layer or P+-type 
layer, a high temperature/long-time anneal per- 40 
formed after said first rapid thermal anneal, and 
a final rapid thermal anneal. 

11 . A nnethod of fabricating a semiconductor device ac- 
cording to claim 1 0, wherein said high temperature/ 4S 
long-time anneal is performed at a temperature of 
from 600 to SSO^'C for a time of 1 0 minutes or more. 
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(54) Method of fabricating a semiconductor device 



(57) In a method of fabricating a semiconductor de- 
vice having an N+-type layer or P+-type layer containing 
an impurity in a concentration of 1 x ^a*^/cnfi or more, 

or a semiconductor device hiaving a silicon based gate 
electrode structure containing an impurity the final one 



of heat treatments each exerting an effect on the acti- 
vation state of the impurity is a high rapid thermal an- 
neal, to thereby suppress an increase in resistance of 
the N+-type layer or P+-type layer as a diffusion layer or 
improve depletion of a poly-Si based gate electrode 
without occurrence of variations In threshold voltage. 
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